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Gene	 Primer	 F/R	 Sequence	(5’	! 	3’)b	 Length	
BZF	 90F	 F	 GARTGYGARGTNACNGARGARGT	 23-mer	
	 94F	(111F)c	 F	 GARGARGTNATHACNGAYGAYTGG	 24-mer	
	 1.5F	 F	 CCNACNGAYCARGAYGARTA	 20-mer	
	 Thaum	99F	 F	 GGNGARGARTGYGTNGARGT	 20-mer	
	 Thaum	P1R	 R	 TGYGATCGWTGTGGYATGKCNTT	 23-mer	
	 385F	(330F)	c	 F	 CCNTTYGTNTGYCARCARTGYGG	 23-mer	
	 Thaum	P2F	 F	 TGYGGTGARATGTTYTGGGAYCG	 23-mer	
	 Int2F	 F	 ACNTGYGGNGAWATGTTYTGGGA	 23-mer	
	 Int2F	Rpl	 F	 GATTCNCCNTTTGARTGYGA	 20-mer	
	 765R	 R	 TGYTGGAARGCNTTNGCNGAYGG	 23-mer	
	 777R	 R	 AARCARGARCCNATHCAYACNGG	 23-mer	
	 787R	 R	 GARAARCCRTAYGTRTGYTCSATNTG	 26-mer	
	 787R	Rpl1	 R	 TGYCCWCGKGCDTTCAAYCAAMG	 23-mer	
	 Thaum787R	Rpl2	 R	 CAYCAYTCRGCRCMRGAYACNGT	 23-mer	
	 Thaum	P3F	 F	 TAYGGYTGYCGYTTYTGYTGG	 21-mer	




	 New	Thaum	P3R	 R	 GAYAARTAYATGGAYAARTAYAAYAG	 26-mer	
MCS	 55F(Y)	 F	 TGYTAYYTNGAYCAYGCYGG	 20-mer	
	 55F(R)	 F	 TGYTAYYTNGAYCAYGCRGG	 20-mer	
	 78F	 F	 TNWWYTGYAAYCCNCAYAC	 19-mer	
	 Thaum	P1R	 R	 CAYATTTGTGGYGATTCMAAYGA	 23-mer	
	 446F	 F	 TTYGTNGGNTTYGCYGARGT	 20-mer	
	 463F	 F	 YCTNCGNACNGGNTGYTTYTGYAA	 24-mer	
	 464F	 F	 ACRGGRTGYTTYTGYAAYCC	 20-mer	
	 838R	 R	 TGYCARATGATHTGYATHGAYCA	 23-mer	



































































































































































Gene	 BZF	 MCS	 BZF	+	MCS	
Analysis2	 M.P.	 M.L.	 B.	 M.P.	 M.L.	 B.	 M.P.	 M.L.	 B.	
Node	 	 	 	 	 	 	 	 	 	
1	 100	 100	 99	 100	 100	 99	 100	 100	 99	
2	 67	 	 	 93	 	 	 90	 	 	
3	 	 	 	 76	 	 	 72	 	 	
4	 100	 100	 99	 100	 100	 99	 100	 100	 99	
5	 100	 100	 99	 100	 100	 99	 100	 100	 99	
6	 94	 	 	 100	 96	 98	 100	 97	 97	
7	 100	 100	 99	 100	 100	 99	 100	 100	 99	
8	 96	 94	 39	 86	 100	 98	 100	 100	 99	
9	 100	 100	 99	 100	 100	 99	 100	 100	 99	
10	 100	 	 	 100	 100	 99	 100	 100	 99	
11	 70	 	 	 74	 	 45	 96	 	 	
12	 90	 97	 99	 99	 100	 99	 100	 100	 99	
13	 80	 84	 99	 100	 100	 98	 100	 100	 99	
14	 100	 99	 99	 100	 100	 99	 100	 100	 99	
15	 98	 92	 99	 	 	 	 100	 100	 99	
16	 100	 100	 99	 91	 	 	 99	 99	 99	
17	 100	 100	 99	 100	 100	 99	 100	 100	 99	
18	 100	 100	 99	 100	 100	 98	 100	 100	 99	
19	 100	 100	 99	 100	 100	 98	 100	 100	 99	
20	 	 	 	 56	 	 	 55	 	 	
21	 100	 100	 98	 	 	 	 100	 100	 99	
22	 52	 68	 72	 	 	 	 49	 69	 83	
23	 100	 100	 99	 100	 100	 99	 100	 100	 99	
24	 100	 100	 99	 100	 100	 99	 100	 100	 99	
25	 100	 65	 	 89	 97	 99	 86	 92	 99	
26	 94	 85	 98	 100	 100	 99	 100	 100	 99	
27	 96	 90	 99	 100	 100	 99	 100	 100	 99	
1Nodes	that	resulted	in	varying	topologies	from	the	presented	tree	were	left	blank	
and	are	discussed	in	the	Results	section.	
2M.P.	=	Maximum	Parsimony	(bootstrap	value),	M.L.	=	Maximum	Likelihood	
(bootstrap	value),	B.	=	Bayesian	(posterior	probability	value).	
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A.	sierra,	A.	magnipelvim	&	A.	gillespieae)	was	the	terminal	species	group	for	western	
clade	#1,	and	was	recovered	with	strong	support	through	all	analyses	and	mirrors	
the	relationships	in	the	combined	data	set	tree	provided.	The	second	large	western	
clade,	represented	by	node	18,	was	recovered	with	maximum	support	through	each	
analysis.	The	A.	confracta	species	group	(A.	brothersi,	A.	cf.	melanderi	and	A.	
confracta)	was	consistently	recovered	with	strong	support	by	each	analysis.	While	
Fig.	3.1	displays	A.	cf.	melanderi	as	sister	to	the	A.	brothersi	+	A.	confracta	group,	all	
three	BZF	analyses	place	A.	brothersi	as	the	sister	to	A.	confracta	+	A.	cf.	melanderi,	
although	none	of	these	arrangements	had	strong	support	(the	highest	being	62	for	
likelihood).	The	placement	of	A.	coloradensis	at	node	21	was	consistently	recovered	
with	strong	support	through	all	analysis.	Each	analysis	resulted	in	the	same	
topology	at	node	22,	with	the	A.	becca	+	A.	lindsayorum	group	as	sister	to	the	A.	
anolo	species	group	(A.	rainierensis,	A.	falciformis,	A.	anolo,	A.	waha	and	A.	cf.	zelmae	
(53Female)).	The	topology	of	the	A.	anolo	clade	follows	that	of	Fig.	3.1	for	the	
likelihood	analysis,	but	parsimony	had	difficulty	determining	how	A.	falciformis	and	
A.	rainierensis	are	related	to	each	other,	and	Bayesian	portrays	them	as	sister	taxa,	
but	with	only	42%	confidence.	
Molecular	Phylogenetic	Analysis:	Molybdenum	Cofactor	Sulfurase	(MCS)	
	 The	MCS	analyses	constructed	three	nearly	congruent	trees	that	closely	
resemble	Figure	3.1.	Most	deeply	rooted	nodes	resulted	in	the	same	clades,	with	few	
variances	occurring	within	these	clades.	Parsimony	analysis	resulted	in	a	single	
most	parsimonious	tree	of	4200	steps	(CI=	0.541,	RI=	0.682,	RC=	0.369,	HI=	0.459)	
that	was	recovered	all	1000	of	the	random	additional	sequences	conducted.	The	
parsimony	inference	recovered	a	monophyletic	Nearctic	clade	with	76%	node	
support,	with	the	Palearctic	species	as	sister	taxa	to	that	clade,	as	portrayed	in	the	
accompanying	tree.	However,	likelihood	(100%)	and	Bayesian	(99%)	analyses	both	
support	a	Palearctic	+	eastern	Nearctic	clade	(though	the	eastern	species	formed	a	
monophyletic	group	therein).	Although	the	topology	differed	slightly,	the	three	
analyses	indicated	closer	affinities	of	the	eastern	Nearctic	fauna	to	the	Palearctic	
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fauna,	rather	than	to	the	western	Nearctic	species.	All	three	analyses	recovered	a	
monophyletic	western	Nearctic	clade	with	strong	support	(parsimony=100,	
likelihood=96,	Bayesian=98).	Node	7,	consisting	of	A.	ericfisheri	and	A.	elnora	as	
sister	species,	was	strongly	supported	in	all	analyses.	The	two	large	western	clades	
at	node	8	were	also	recovered	with	strong	support	(parsimony=86,	likelihood=100,	
Bayesian=98).	At	node	9,	A.	chandlerorum	was	consistently	placed	at	the	base	of	the	
first	major	western	clade.	Parsimony	(100%)	and	Bayesian	(99%)	both	support	A.	
santaclaraensis	as	sister	to	the	A.	buckae	+	A.	idahoensis	group,	while	likelihood	
placed	the	three	of	them	in	their	own	clade	with	70%	confidence.	Regardless	of	the	
method	of	analysis,	they	were	always	sister	taxa	to	the	A.	gillespieae	species	group.	
Bayesian	analysis	very	weakly	supported	A.	buckae	+	A.	idahoensis	group	(node	11)	
as	the	sister	group	to	the	A.	gillespieae	group,	with	a	posterior	probability	of	45.	The	
A.	gillespieae	group,	beginning	at	node	13,	was	strongly	supported	by	all	analysis.	
The	position	of	A.	palouse	and	A.	apache	at	nodes	13	and	14	mirrored	the	combined	
data	set	tree.	The	relationships	between	the	remaining	three	species	differed	
slightly	though,	as	A.	sierra	and	A.	magnipelvim	were	placed	as	sister	species,	and	A.	
gillespieae	as	their	closest	relative.	The	A.	confracta	group	was	strongly	supported	as	
the	sister	clade	to	the	remaining	species	of	the	second	large	western	clade	
(parsimony=100,	likelihood=100,	Bayesian=98).	The	relationships	between	the	
members	of	the	A.	confracta	group	differed	for	each	analysis,	though	all	lacking	any	
confident	support.	The	positions	of	A.	coloradensis	and	the	A.	becca	+	A.	lindsayorum	
sister	group	were	reversed	in	the	three	analyses,	as	compared	to	the	combined	data	
set	tree,	but	with	no	confidence.	The	remaining	taxa	comprising	the	A.	anolo	species	
group	at	node	24	mirrored	the	provided	tree	in	all	analyses	with	very	strong	
support.	
Molecular	Phylogenetic	Analysis:	Combined	BZF	&	MCS	Data	Sets	
	 All	three	analyses	resulted	in	nearly	identical	tree	topologies.	Parsimony	
analysis	resulted	in	a	single	most	parsimonious	tree	of	8572	steps	(CI=	0.572,	RI=	
0.666,	RC=	0.381,	HI=	0.428)	that	was	recovered	all	660	times	the	random	
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additional	sequences	were	conducted.	The	parsimony	analysis	recovered	a	
monophyletic	Nearctic	clade	of	Androprosopa,	with	A.	striata	and	A.	larvata	as	sister	
taxa.	Likelihood	(100%)	and	Bayesian	(99%)	methods	supported	a	monophyletic	
clade	consisting	of	the	eastern	Nearctic	+	Palearctic	group	(with	the	eastern	species	
forming	their	own	clade),	followed	by	the	monophyletic	western	Nearctic	clade.	The	
three	eastern	Nearctic	Androprosopa	spp.	were	always	recovered	as	a	clade	with	
maximum	support,	placing	A.	americana	+	A.	vaillantiana	as	sister	species.	The	A.	
ericfisheri	+	A.	elnora	sister	group	was	consistently	recovered	as	sister	species	to	the	
remaining	western	Nearctic	Androprosopa	fauna.	Two	major	clades	encompassed	
the	remaining	species	at	nodes	9	and	18.	Androprosopa	chandlerorum	was	always	
placed	as	sister	to	the	remainder	of	the	first	major	clade	(parsimony=100,	
likelihood=100,	Bayesian=99).	Androprosopa	santaclaraensis	was	placed	as	the	
sister	species	(node	10)	to	the	A.	buckae	species	group	by	parsimony	(100%).	
However,	likelihood	(100%)	and	Bayesian	(99%)	methods	included	A.	
santaclaraensis	as	the	sister	to	the	A.	buckae	+	A.	idahoensis	species	group.	The	A.	
gillespieae	group,	beginning	at	node	13,	was	recovered	with	congruent	topologies	by	
all	analyses	with	nearly	maximum	support.	The	second	major	western	clade,	
beginning	at	node	18,	was	recovered	through	all	three	analyses,	with	nearly	
identical	topology.	One	main	difference	between	them	was	that	the	relationships	
between	members	of	the	A.	confracta	group	were	not	resolved.	None	of	the	analyses	
provided	confident	support	for	the	relationships	between	these	species.	The	
placement	of	the	A.	becca	species	group	(node	22)	also	had	no	significant	support	
(parsimony=49,	likelihood=69,	Bayesian=83)	for	its	placement	as	sister	to	the	A.	
anolo	species	group.	The	A.	anolo	group	(node	24)	was	consistently	recovered	with	
congruent	topologies	between	each	analysis,	all	with	very	strong	support	for	each	
node	therein.		
Discussion	
Over	the	past	100+	years,	entomologists	have	been	contributing	to	the	
knowledge	of	the	family	Thaumaleidae,	primarily	through	the	description	of	new	
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species.	There	have	been	few	papers	dealing	with	phylogenetic	relationships,	and	
those	that	have	were	primarily	a	brief	mention	of	potential	close	affinities	between	
species.	This	is	the	case	with	the	Nearctic	Androprosopa.	Arnaud	&	Boussy	(1994)	
made	reference	to	species	they	hypothesized	may	be	closely	related	to	one	another	
in	the	species	diagnoses	sections	of	their	publication,	but	they	did	not	investigate	
relationships	at	a	deeper	level.	Sinclair	(1996)	proposed	hypotheses	about	the	
affinities	between	certain	Nearctic	taxa,	but	again,	it	had	a	very	narrow	scope	and	
encompassed	only	a	few	species.		
This	study	was	the	first	to	comprehensively	treat	the	Nearctic	Androprosopa	
fauna.	The	goal	was	to	determine	the	phylogenetic	relationships	between	eastern	
and	western	Nearctic	Androprosopa,	and	among	the	species	groups	that	are	
proposed	herein.	This	phylogeny	was	created	using	molecular	characters	from	DNA	
sequences	of	two	nuclear	protein-coding	genes,	Big	Zinc	Finger	2	(BZF)	and	
Molybdenum	Cofactor	Sulfurase	(MCS).	Morphological	characters	(primarily	
genitalic)	are	used	below	in	order	to	further	support	the	proposed	species	groups.	
The	Eastern	Clade	(A.	americana	group)	
The	eastern	Nearctic	species	were	strongly	supported	as	a	monophyletic	
clade,	with	A.	americana	+	A.	vaillantiana	consistently	placed	as	sister	species	and	A.	
thornburghae	as	their	nearest	relative	throughout	all	analyses.	This	result	is	in	
concordance	with	Sinclair’s	hypothesis	that	the	close	relationships	of	the	three	
eastern	species	are	seen	in	the	lack	of	conical	protuberances	on	the	larval	head	
capsule	(Sinclair	1992;	Sinclair	1996)	and	the	following	adult	characters:	short,	
blunt,	apical	gonostylar	spines,	tapering	gonostyli,	and	dense	setae	on	the	inner	face	
of	the	gonocoxites	(Sinclair	1996).	Sinclair	also	noted	that	due	to	the	adult	
characters,	the	eastern	species	might	have	close	affinities	to	other	Nearctic	species,	
such	as	A.	ericfisheri.	The	molecular	data	tends	to	suggest	that	the	A.	elnora	+	A.	
ericfisheri	species	group	is	the	closest	western	Nearctic	relative	of	the	eastern	
species.	Likelihood	and	Bayesian	analyses	of	BZF,	however,	place	the	A.	elnora	group	
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in	a	monophyletic	clade	with	the	eastern	Nearctic	and	Palearctic	species,	thus	
disrupting	the	monophyly	of	the	western	Nearctic	species.	This	configuration	has	no	
significant	support,	making	a	monophyletic	western	Nearctic	clade	a	much	more	
plausible	hypothesis,	especially	given	the	geographical	gap	between	the	western	
and	the	eastern	species.	No	thaumaleids	are	known	between	the	34th	and	39th	
parallels,	and	that	division	supports	the	hypothesis	that	the	western	species	have	
closer	affinities	to	one	another.	Also	of	note,	was	the	strongly	supported	recovery	of	
an	eastern	Nearctic	+	Palearctic	clade	with	likelihood	and	Bayesian	analyses	for	MCS	
and	the	combined	data	set.	This	relationship	gives	some	insight	into	how	the	family	
may	have	migrated	across	the	supercontinent	Laurasia	from	present	day	Europe	
into	North	America,	and	warrants	further	testing	with	the	inclusion	of	more	
European	taxa.	
The	Western	Clade	
	 A	monophyletic	western	clade	was	consistently	recovered	with	strong	
support.	The	western	species	are	characterized	by	having	long,	pointed,	apical	
gonostylar	claw-like	spines,	tapering	gonostyli	and	exhibit	less	dense	setae	on	the	
inner	face	of	the	gonocoxites,	contrasting	that	of	the	eastern	species	of	
Androprosopa.	Six	distinct	species	were	consistently	recovered	with	strong	support	
for	each	analysis.	
The	A.	elnora	group		
The	A.	elnora	species	group	consists	of	A.	elnora	+	A.	ericfisheri,	and	were	
always	recovered	as	sister	species	with	maximum	support.	This	group	was	nearly	
always	found	to	be	the	sister	species	group	of	the	western	clade	(see	The	Eastern	
Clade	for	exceptions).	These	species	are	both	orange	to	yellow,	contrasting	the	rest	
of	the	Nearctic	fauna,	which	tend	toward	browns	and	blacks.	Another	character	
shared	between	both	species	is	the	dense	setae	on	the	inner	face	of	the	gonocoxites,	
as	mentioned	by	Sinclair	(1996).	They	have	been	collected	in	cascading	streams	and	
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creeks	in	the	Pacific	Northwest,	particularly	in	the	Columbia	Mountains	and	Plateau	
(Fig.	3.2).		
	
Figure	3.2	Known	distribution	of	the	A.	elnora	group.	
	
Androprosopa	chandlerorum	and	A.	santaclaraensis	
	 The	resulting	phylogenies	did	not	reveal	any	close	affinities	for	A.	
chandlerorum	or	A.	santaclaraensis.	Androprosopa	chandlerorum	was	firmly	nested	
at	the	base	of	the	first	large	western	clade	(node	9)	after	each	analysis.	The	genitalia	
does	not	share	any	strong	likenesses	to	any	other	species,	aside	from	being	densely	
setose	as	in	the	A.	elnora	group.	The	position	of	A.	santaclaraensis	was	one	of	
disagreement	between	the	analyses.	Parsimony	always	placed	it	on	its	own	with	no	
close	affinities,	while	likelihood	and	Bayesian	inferences	placed	it	in	a	clade	with	the	
A.	buckae	group.	The	latter	position	never	attained	strong	support.	Given	the	
maximum	bootstrap	support	for	parsimony	analysis	and	the	unique	morphology	of	
its	genitalia,	the	most	likely	position	for	A.	santaclaraensis	is	on	its	own	with	no	
close	affinities.	Both	of	these	species	have	been	collected	from	creeks.	Androprosopa	
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santaclaraensis	has	also	been	collected	at	the	madicolous	margins	of	small	
waterfalls.	Androprosopa	chandlerorum	has	only	been	recorded	from	one	locality	in	
the	Sierra	Nevada	mountain	range,	while	A.	santaclaraensis	is	known	from	two,	both	
within	the	Coastal	Range	(Fig.	3.3).	
	
Figure	3.3	Known	distributions	of	A.	chandlerorum	and	A.	santaclaraensis	
	
The	A.	buckae	group	
This	group	consists	of	sister	species	A.	buckae	+	A.	idahoensis.	It	was	
consistently	recovered	throughout	all	analysis	with	maximum	support.	The	
morphology	of	the	genitalia	is	similar	to	each	other	in	that	the	distal	margin	of	the	
ventral	plate	is	bi-lobed.	Arnaud	&	Boussy	(1996)	believed	that	these	two	species	
were	closely	related	based	upon	the	morphology	of	the	genitalia.	Gillespie	et	al.	
(1994)	described	the	larvae	and	pupae	of	several	species	of	Nearctic	Androprosopa,	
and	concluded	that	A.	buckae	and	A.	idahoensis	are	closely	related	based	upon	the	
similarities	of	the	pupal	abdominal	setae.	Although	this	supports	the	species	group,	
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the	pupae	of	limited	species	have	been	described.	Investigation	into	undescribed	
pupae	may	uncover	other	species	that	share	similar	setal	characters.	These	species	
have	been	collected	in	the	Cascade,	California	Coastal	and	Sierra	Nevada	mountain	
ranges,	and	east	to	the	Columbia	Plateau	(Fig.	3.4).	Androprosopa	idahoensis	is	most	
often	encountered	in	madicolous	habitats	next	to	waterfalls,	while	A.	buckae	is	a	
small	creek	and	seep	inhabitant.	
	
Figure	3.4	Known	distribution	of	the	A.	buckae	group.	
	
The	A.	gillespieae	group	
This	is	the	largest	species	group	within	the	Nearctic	Thaumaleidae.	Molecular	
analysis	places	the	following	species	within	the	group:	A.	gillespieae,	A.	palouse,	A.	
apache,	A.	magnipelvim	and	A.	sierra.	While	the	deepest	node	of	the	group	itself	
(node	13)	was	supported	with	high	confidence	through	all	analyses,	some	of	the	
relationships	between	species	varied	depending	on	the	analysis	used.	All	three	MCS	
analyses	produced	a	sister	group	of	A.	sierra	+	A.	magnipelvim,	while	all	remaining	
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analyses	place	them	as	closely	allied,	but	not	sisters,	as	in	Fig.	3.1.	The	margin	of	the	
genital	plate	in	all	members	of	the	A.	gillespieae	group	is	tri-lobed.	This	character	is	
also	present	in	four	other	species	that	eluded	capture,	and	therefore	were	not	
available	for	molecular	testing.	These	species	are	likely	members	of	this	group	as	
well	and	they	are	as	follows:	A.	arnaudi,	A.	schmidiana,	A.	uvas	and	A.	zempoala.	This	
would	bring	the	total	number	of	species	in	the	A.	gillespieae	group	to	9.	This	is	a	
wide-ranging	species	group,	with	the	most	commonly	encountered	western	Nearctic	
thaumaleid	species,	A.	gillespieae.	The	group	is	distributed	across	all	western	
mountain	ranges,	from	southern	British	Columbia,	south	to	central	Mexico	and	east	
to	the	Colorado	Rockies	(Fig.	3.5).	Members	of	this	group	have	been	collected	in	a	
wide	range	of	madicolous	habitats.	Many	are	only	known	from	creeks,	however	A.	
zempoala	was	collected	in	a	seep	next	to	a	stream	and	A.	schmidiana	has	been	
collected	at	the	Klamath	River,	although	the	microhabitat	was	not	noted.	
Androprosopa	gillespieae	may	be	collected	in	a	variety	of	madicolous	habitats.		
	
	
Figure	3.5	Known	distribution	of	the	A.	gillespieae	group.	
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The	A.	confracta	group	
The	A.	confracta	group	was	always	placed	as	the	sister	clade	to	the	remaining	
species	of	the	second	large	western	clade	(node	18)	with	maximum	confidence.	It	
consists	of	three	species:	A.	brothersi,	A.	confracta	and	A.	cf.	melanderi.	Although	this	
clade	is	well	supported,	relationships	between	these	species	are	not.	None	of	the	
analyses	provided	significant	support	as	to	which	species	are	most	closely	related.	
These	low	confidence	values	may	be	a	result	of	species	that	are	still	yet	to	be	
discovered.	All	species	in	this	group	share	the	characters	of	the	parameres	curved	
laterally	at	the	apex	and	usually	having	some	degree	of	serration	on	the	outer	
margin.	In	addition,	the	gonostyli	are	long	and	are	moderate	in	thickness.	The	A.	
confracta	group	is	fairly	widespread,	yet	have	few	collection	events	(Fig.	3.6).	The	
nominal	species	is	the	most	common	of	the	group,	but	is	not	known	outside	of	the	
Cascade	Range.	Members	of	this	group	are	most	commonly	collected	from	streams;	
however,	seepage	collections	have	been	recorded.		
	
	
Figure	3.6	Known	distribution	of	the	A.	confracta	group.	
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The	A.	becca	group	and	A.	coloradensis	
Androprosopa	becca,	A.	lindsayorum	and	A.	sonorensis	compose	this	species	
group.	The	molecular	data	placed	these	two	as	sister	species	in	all	analyses	with	
maximum	support	values.	Morphologically,	they	share	similar	looking	parameres,	in	
addition	to	bearing	large,	apical,	claw-like	setae	on	the	gonostyli.	Androprosopa	
becca	has	the	longest	apical	seta	of	all	the	Nearctic	thaumaleid	species.	
Androprosopa	lindsayorum	is	also	adorned	with	long	apical	setae;	however,	it	
possesses	a	cluster	of	3-4	setae	per	gonostyli,	much	like	the	Mexican	species,	A.	
sonorensis.	This	species	has	not	been	collected	since	the	type	series,	and	thus	was	
not	a	part	of	this	study.	Due	to	its	striking	resemblance	to	A.	lindsayorum,	the	two	
species	are	highly	likely	to	be	sister	species,	with	A.	becca	as	the	next	closest	ally.	
The	position	of	the	A.	becca	group	in	relation	to	A.	coloradensis	rarely	had	significant	
support,	as	the	two	clades	would	switch	positions	at	nodes	21	and	22.	Androprosopa	
coloradensis	has	unique	genitalic	morphology,	with	very	thin	gonostyli	and	wide	
parameres,	which	supports	the	hypothesis	of	it	not	having	any	close	affinities.	This	
group	is	found	mainly	in	the	Pacific	Northwest	and	is	fairly	common.	Androprosopa	
lindsayorum	is	very	common	and	is	mainly	found	throughout	the	Cascade	Range,	
whereas	A.	becca	is	found	further	east	in	the	Columbia	Mountains,	Canadian	Rockies	
and	the	Columbia	Plateau	(Fig.	3.7).	Androprosopa	sonorensis	is	unique	in	that	it	is	
only	known	from	the	type	locality	in	Mexico.	Androprosopa	becca	tends	to	be	
collected	mainly	in	seeps;	however,	collections	from	creeks	are	recorded.	
Androprosopa	lindsayorum	occupies	a	wide	range	of	madicolous	habitats,	from	
roadcut	seeps,	waterfalls	and	even	seeps	where	the	substrate	is	made	of	clay.		
The	A.	anolo	group	
This	group	was	well	supported	at	its	deepest	node	(node	24)	in	all	data	
analyses.	The	group	consists	of	the	following	species:	A.	anolo,	A.	rainierensis,	A.	
falciformis,	A.	waha	and	A.	cf.	zelmae.	The	latter	species	is	represented	in	this	study	
by	Female	#53	as	no	males	were	collected	to	give	a	positive	identification.	It	is	
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surmised	that	this	species	is	A.	cf.	zelmae	because	it	was	collected	near	the	type	
locality	and	due	to	its	position	in	the	tree	as	sister	to	the	similar	looking	A.	waha.	
The	topology	for	the	group	was	consistent	throughout	all	analyses,	except	for	the	
Bayesian	inference	for	BZF,	which	placed	A.	rainierensis	as	the	sister	to	A.	falciformis,	
but	with	no	confident	support.	Members	of	this	species	group	share	atypical	
gonostyli	that	may	bear	medial	ornamentation,	as	in	A.	rainierensis	and	A.	
falciformis,	or	are	flattened	and	expanded	and	almost	bare	of	setae,	such	as	A.	waha	
and	A.	cf.	zelmae.	They	nearly	all	have	parameres	that	are	strongly	recurved	in	some	
fashion,	except	for	A.	rainierensis,	which	was	recovered	as	the	sister	species	to	the	
remaining	members	of	the	group.	The	species	A.	fusca	has	not	been	collected	since	
the	type	male	and	is	not	included	in	this	study.	Due	to	its	strongly	recurved	
parameres,	it	is	hypothesized	that	is	also	a	part	of	this	group,	perhaps	as	a	close	ally	
to	A.	anolo.	This	species	group	has	a	Pacific	Northwest	distribution,	mainly	
throughout	the	Cascade	Range	and	the	Columbia	Plateau	(Fig.	3.7).	They	are	
typically	collected	in	cascading	mountain	streams	and	creeks,	although	A.	anolo	has	
been	collected	from	roadcut	seeps.		
	
Figure	3.7	Known	distributions	of	the	A.	becca	group	and	A.	coloradensis.	
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Figure	3.8	Known	distribution	of	the	A.	anolo	group.	
	
Conclusion	
	 This	study	represents	the	only	phylogenetic	study	of	Nearctic	Androprosopa.	
Although	this	study	attempted	to	be	as	rigorous	as	possible,	gaps	still	exist.	
Molecular	data	is	missing	due	to	the	inability	to	obtain	DNA-grade	material	for	
certain	species.	While	those	data	will	be	important	to	gather	in	the	future,	their	
absence	did	not	adversely	affect	the	overall	integrity	of	the	study	as	male	genitalic	
structures	also	clearly	differentiate	species	groups	.	The	addition	of	morphological	
data	into	phylogenetic	analyses	may	help	solidify	some	nodes	and	more	confidently	
place	certain	species.	In	particular,	larval	and	pupal	characters	may	be	useful.	The	
inclusion	of	more	Palearctic	Androprosopa	species,	in	order	to	elucidate	the	origins	
of	the	Nearctic	fauna,	is	necessary.	A	global,	genus-level	study	would	be	ideal,	but	it	
would	prove	difficult	to	acquire	the	necessary	material.	A	family-level	study	would	
also	be	useful	in	determining	where	the	family	may	have	originated	and	how	it	
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radiated	to	its	present	distribution.	This	type	of	study	would	also	help	to	decipher	
how	Androprosopa	and	Thaumalea	are	related,	as	this	has	been	a	source	of	
contention.	The	Thaumaleidae	are	still	a	vastly	understudied	family,	especially	when	
it	comes	to	phylogenetic	relationships	at	all	taxonomic	ranks.	Continued	work	at	
both	the	molecular	and	morphological	levels	will	undoubtedly	yield	new	discoveries	
about	the	relationships	and	diversity	of	the	Thaumaleidae.	
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Chapter	4:	
A	new	species	of	Austrothaumalea	Tonnoir	from	Australia		
(Diptera:	Thaumaleidae)	
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Abstract	
	
A	new	species	of	Austrothaumalea	is	described	from	Australia:	A.	spiculata	
sp.	nov.	Illustrations	of	the	genitalia,	as	well	as	distribution	maps	are	provided.	
Phylogenetic	affinities	are	hypothesized.		
	
INTRODUCTION	
	
The	Thaumaleidae	are	a	small	family	of	nematocerous	Diptera.	They	are	the	
most	basal	lineage	of	the	Chironomoidea	and	are	the	sister	group	to	the	Simuliidae	
(Moulton	2000,	Wiegmann	et	al.	2011).	The	larvae	are	restricted	to	madicolous	
habitats,	where	thin	films	of	water	flow	vertically	over	rocks	in	cascading	streams,	
road-cut	seeps,	splash	zones	of	waterfalls	and	cliff-faces	(Sinclair,	2008,	Sinclair	and	
Huerta,	2010).	Adults	can	be	found	on	or	near	the	larval	habitat,	and	are	best	
collected	by	sweeping	riparian	vegetation	or	by	aspirating	them	from	between	
rocky	crevices,	on	moss	or	the	rock	face	itself.	As	the	adults	are	poor	fliers,	they	are	
infrequently	collected	in	collecting	traps	(malaise,	pans,	etc.),	and	in	addition	to	
their	habitat	specificity,	they	are	a	rarely	collected	and	poorly	known	group.	
	
Thaumaleids	are	found	on	all	continents,	except	Antarctica.	There	are	seven	
genera	with	roughly	185	described	species.	In	Australia,	two	genera	can	be	
collected:	Austrothaumalea	Tonnoir	and	Niphta	Theischinger.	The	genus	Oterere	
McLellan	occurs	in	New	Zealand	and	South	America,	but	has	not	yet	been	collected	
in	Australia.	There	are	3	described	species	of	Niphta	(Theischinger,	1986)	in	
Australia	and	as	of	this	paper,	28	Austrothaumalea	(Sinclair,	2008).	
	
MATERIALS	AND	METHODS	
	
For	best	results,	thaumaleids	should	be	collected	into	95%	ethanol.	They	may	
later	be	critical-point-dried	or	dried	using	the	hexamethyldisilazane	(HMDS)	
	 156	
method,	as	outlined	by	Brown	(1993).	The	latter	method	was	used	for	the	
preparation	of	these	specimens.	Adult	male	genitalia	were	cleared	using	a	hot,	85%	
lactic	acid	bath.		
Terms	used	for	adult	structures	follow	those	of	McAlpine	(1981),	except	
wing	venation	where	the	interpretations	of	Sinclair	(2015)	and	Saigusa	(2006)	are	
accepted.	Homology	of	the	male	terminalia	follows	that	of	Sinclair	(1992).		
Distribution	maps	were	created	using	SimpleMappr	(Shorthouse	2010).	
Label	data	for	the	primary	types	are	cited	in	full,	with	labels	listed	from	the	
top	downward	and	data	from	each	label	enclosed	in	quotation	marks.	A	semicolon	
represents	a	change	in	label.	Lines	are	delimited	by	a	forward	slash	mark.	Label	data	
for	other	specimens,	including	secondary	types,	are	abridged	and	listed	
alphabetically.	The	repository	for	each	type	is	given	in	parentheses.	
	
SYSTEMATIC	ACCOUNT	
	
Austrothaumalea	spiculata	sp.	nov.	
	
Type	Material	
Holotype:	♂	“AUS:	Victoria:	Grampians	N.P./	MacKenzie	Falls,	14.ix.2014/	
S37°06’37.05”	E142°24’31.39/	ex.	side	seep	along	foot	bridge/	to	MacKenzie	Falls,	
elev.	378m/	J.K.	Moulton”;	HOLOTYPE/	Austrothaumalea/	spiculata/	Pivar	[red	
label]”	(BMSA).	Allotype:	♀ Same	collection	information	as	the	holotype.	
Paratypes:	Same	collection	information	as	the	holotype	(2♂).	
	
Recognition		
	 Austrothaumalea	spiculata	is	readily	distinguished	from	all	other	species	by	
its	arrowhead	shaped	paramere.		
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Description	
		
Wing	length:	2.7-2.9mm.		
	
Colouration:	Head	dull,	dark	brown;	pronotum	dark	brown;	postpronotum	
pale	brown;	mesonotum	and	pleura	brown	and	somewhat	shiny;	katepisternum	
reddish-brown;	legs	pale	yellow,	becoming	darker	on	apical	tarsal	segments;	
scutellum	and	mediotergite	pale	brown,	shiny;	halter	stalk	cream	coloured,	knob	
dark;	abdomen	dark	brown;	terminalia	pale	brown.		
	
Wing:	Evenly	infuscate,	slightly	darker	spot	where	R4+5	and	M1	meet	wing	
margin;	R1(+R2+3)	with	macrotrichia	along	entire	length,	remaining	veins	bare;	R2+3	
situated	towards	apex	of	R1;	bend	in	R4+5	well	defined;	R4+5	and	M1	parallel	toward	
wing	margin;	CuA	with	short	basal	appendage.		
	
Abdomen:	Abdominal	sternite	1	narrow,	spectacle-shaped;	sternite	2	reduced	
to	slender,	median	sclerite,	with	pair	of	small,	posterolateral	sclerites,	setae	
restricted	to	apical	fourth	and	between	posterolateral	sclerites;	sternites	3-6	
rectangular,	anterior	margin	well	sclerotized,	with	pair	of	small,	posterolateral	
sclerites,	sternite	3	with	setae	on	posterior	two	thirds,	4-6	with	setae	on	median	
third;	sternite	7	trapezoidal-shaped,	with	posterior	marginal	setae;	sternite	8	
triangle-shaped,	no	setae.		
	
Male	terminalia:	Epandrium	broadly	triangular	from	ventral	aspect;	apical	
third	slightly	tapered;	posterior	margin	broad	and	rounded;	lacking	pointed	
posterolateral	processes.	Hypandrium	broad,	nearly	subequal	to	width	of	base	of	
gonocoxites;	anterior	margin	slightly	concave.	Gonocoxite	broad,	inner	margin	of	
basal	two-thirds	lightly	serrate	before	becoming	widest	two	thirds	of	way	down;	
apical	third	strongly	tapered.	Gonostylus	nearly	subequal	in	length	to	gonocoxite,	
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curved	strongly	before	mid-length;	thickest	at	mid-point;	gradually	tapered	to	blunt	
tip.	Parameres	fused,	half	length	of	epandrium,	rod-like	with	spearhead-like	apex.	
Gonocoxal	plate	broad	basally;	apical	margin	concave	with	short,	pointed	
posterolateral	process;	basally	not	fused	to	hypandrium.		
	
Additional	Material	Examined	
	 Only	the	type	series	is	known.	
	
Distribution		
Known	only	from	the	type	locality	(Fig.	4.1).	Grampians	National	Park	is	
located	in	the	southwest	region	of	Victoria,	roughly	260km	west	of	Melbourne.	It	
consists	of	sandstone	mountain	ranges	and	eight	different	vegetation	communities.	
Situated	in	the	northern	half	of	the	park,	Mackenzie	Falls	is	Victoria’s	highest	
waterfall.	Austrothaumalea	denticulata	Theischinger	is	the	only	other	species	of	
Thaumaleid	known	from	the	Grampians.	
	
Etymology		
Austrothaumalea	spiculata	is	so	named	from	the	Latin,	spica	(point),	in	
reference	to	the	shape	of	the	paramere,	which	resembles	that	of	a	Roman	spear.		
	
Phylogenetic	Affinities	
	
McLellan	(1988)	and	Sinclair	(2008)	have	proposed	a	total	of	six	tentative	
species	groups	for	the	genus	Austrothaumalea.	Austrothaumalea	spiculata	belongs	to	
the	A.	fusca	group,	as	it	is	defined	by	the	distinctive	truncate	gonocoxal	plate	and	its	
broad	base	(Sinclair,	2008).	Members	of	this	group	include	A.	bifida	Sinclair,	A.	
cervulus	Theischinger,	A.	fusca	Theischinger,	A.	uptoni	Theischinger	and	possibly	A.	
apicalis	Edwards	and	A.	spatulata	Schmid	(both	from	Chile).	Further	discovery	and	
description	of	new	species	will	assist	in	the	evaluation	of	these	groups.	This	would		
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Figure	4.1	Ventral	view	of	male	genitalia	of	holotype	Austrothaumalea	
spiculata.	
	
	
	
	
Figure	4.2	Known	distribution	of	Austrothaumalea	spiculata.	
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be	particularly	useful	with	regards	to	determining	relationships	between	the	
Neotropical	and	Australian	fauna.	Austrothaumalea	spiculata	also	has	a	bilobed	
fourth	tarsomere,	which	Sinclair	(2015)	notes	has	independently	arisen	in	a	number	
of	species.	These	species	exhibit	a	Gondwanan	distribution,	perhaps	indicating	that	
it	is	the	ancestral	state	and	has	been	lost	in	other	species.	The	phylogenetic	
significance	of	this	character	remains	to	be	determined	and	further	investigation	is	
required.	
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Chapter	5:	
General	Conclusions	
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The	family	Thaumaleidae	is	a	widespread	family	found	nearly	worldwide,	yet	
there	remains	much	to	be	revealed	about	it.	This	research	has	illustrated	that,	
particularly	in	respects	to	phylogenetic	relationships	between	genera	and	species,	
there	are	many	opportunities	for	continued	research	and	discovery	within	the	
family.	Future	studies	should	focus	on	both	diversity	and	determining	phylogenetic	
relationships	within	the	Thaumaleidae.	
	 As	of	this	thesis,	there	are	approximately	190	described	species	of	
Thaumaleidae	worldwide,	yet	that	number	will	undoubtedly	grow	with	continued	
research	on	the	group.	The	Holarctic	and	Australian	regions	have	been	fairly	well	
studied,	however,	as	evidenced	in	this	thesis,	new	species	are	still	being	uncovered.	
The	Neotropics	and	Afrotropical	regions	are	both	vastly	understudied	and	future	
studies	should	focus	on	these	areas	and	will	likely	yield	many	more	undescribed	
species.	Sustained	collection	in	the	Nearctic	Region	will	also	continue	to	give	new	
distribution	information	and	diversity,	particularly	in	the	southwest	and	Colorado.	
Continued	collection	of	the	family	will	also	allow	for	the	acquisition	of	fresh	
molecular	grade	material	to	be	used	in	future	molecular	studies	to	infer	
phylogenetic	relationships.	
	 As	mentioned	in	Chapter	3,	this	thesis	is	the	first	study	to	rigorously	test	
relationships	between	species	of	Thaumaleidae.	Although	this	paper	focused	on	only	
one	region	and	genus,	the	results	were	positive	and	informative.	It	has	also	given	
some	insight	into	how	the	Nearctic	fauna	is	related	to	Palearctic	fauna.	The	eastern	
Nearctic	fauna	appears	to	be	more	closely	related	to	the	Palearctic	fauna,	though	
further	investigation	is	required.	Obtaining	more	European	and	Asian	material	
would	help	to	increase	the	Palearctic	data	and	allow	for	a	more	robust	study.	The	
uncertainty	of	the	relationships	between	the	Nearctic	and	Palearctic	fauna	also	
raises	questions	pertaining	to	generic	relationships	as	a	whole.		
An	investigation	into	the	generic	relationships	within	the	Thaumaleidae	
would	give	insight	into	many	unknown	aspects	of	the	family:	What	are	the	
relationships	between	the	Gondwanan	genera?	And	the	Northern	Hemisphere	
fauna?	How	are	the	Gondwanan	and	Northern	Hemisphere	genera	related?	Does	
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each	genus	form	a	monophyletic	clade?	Where	did	the	family	originate	and	what	
were	its	global	dispersal	patterns?	These	questions	can	be	answered	by	the	
continued	collection	of	thaumaleid	specimens	from	around	the	world.	
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